Abstract-We propose a new technique for commonacoustic-poles and zeros (CAPZ) modeling. In 3-D sound processing, head-related transfer functions (HRTF's) record channels' characteristics from different locations to both ears. Compared to conventional pole/zero models, it is more efficient to model HRTF's by using CAPZ modeling. Based on balanced model truncation (BMT), jointly BMT is proposed to effectively model a group of HRTF's using common-poles IIR filters. The simulation result shows the proposed method is superior to the previous Prony and Shanks methods.
I. INTRODUCTION
Head-related transfer functions (HRTF's) contain sound transmission behavior from different locations to both ears. Such an enormous data set makes real-time implementation for 3 dimensional (3D) sound processing difficult, therefore, approximation of FIR by IIR digital filters is a more efficient way to describe HRTF's. To further save processing time and the memory size, a group of HRTF's can share a set of poles but use their individual zeros, which is called common-acoustic-poles and zeros (CAPZ) modeling. For CAPZ modeling, Prony, Shanks and the iterative prefiltering approaches have been proposed in previous works [3] [4] . Based on balanced model truncation (BMT)[l], we propose a new method, jointly balanced model truncation (jointly BMT). BMT is promising in low-order modeling of HRTF's, but it can only determine IIR filter's parameters for individual HRTF's. We extend BMT to jointly BMT so that a group of HRTF's can be simultaneously modeled as IIR filters whose poles are identical.
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II. BALANCED MODEL TRUNCATION
The details for BMT can be found in [2] . Only a brief outline is given here. We start with an FIR filter F(z) with order n written as:
In the state-space model, F (z) can be expressed as a set of difference equations: 
F (z) can be approximated by the kth order reduced balanced system 
III. JOINTLY BALANCED MODEL TRUNCATION
BMT can only be used to decide the approximated IIR filter for individual HRTF's. In order to design IIR filters for a set ofHRTFs which are close spatially, it is not efficient to design different IIR for different HRTF. Based on BMT, jointly BMT is proposed to approximate a group of HRTF's by using common-poles IIR filters.
From (1), we know that the poles of an approximated IIR filter are determined by A(k). From (2), we know that A (k) is determined by V k • Therefore, we know that a group of HRTF's can be approximated by one set of common poles and individual sets of zeros if those Hankel matrices corresponding to different HRTF's share a set of truncated eigenvectors V k • In the following, we try to find V which can be shared by a group of Hankel matrices because V k is given by (5). In finding eigenvectors of H , we try to find Xl that satisfies:
V k is an n x k matrix obtained from the following partition:
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IV. SIMULATION RESULTS
The HRTF's we use here are measured by MIT media lab [5] . We choose 14 HRTF's for the left ear as a group with the azimuth=O degree and elevations ranging from -40 degree to 90 degree by 10-degree increase . Before simulation, the HRTF's measured by MIT are prefiltered. Initial time delays are removed and the tails of HRTF's with longer data length are discarded so that all HRTF's are of
where F; is the actual impulse response and F:(k) is the approximated HRTF via different IIR models .
In our simulation, we compare group error index performances of 4 different CAPZ models , including Prony, Shanks, the iterative prefiltering, and our proposed jointly BMT methods. For each method , we plot the curve by changing the pole numbers (which is also the zero number) . The result in Figure  1 shows that the proposed jointly BMT model is superior to both Prony and Shanks methods, and it is comparable with the iterative prefiltering method.
V. CONCLUSION In real-time applications, processing time is crucial. The proposed method can efficiently model a set of HRTF's . The simulation result shows that the proposed model outperforms the conventional Prony and Shanks methods.
